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.Introduction: This article presents an experimental model for direct viewing of endovascular procedures within
the ascending aorta and aortic arch.
Report: The model consisted of a porcine heart and aorta connected to a pump providing continuous or pulsatile
irrigation with saline set in a waterproof basin. Aortic branches were sutured or clamped. A telescope connected
to a thoracoscopic camera was inserted through the apex into the left ventricle and advanced into the arch
through the aortic valve.
Discussion: This protocol provided excellent image quality, and could be used to improve endovascular
procedures and establish safer protocols for use in humans.
 2012 European Society for Vascular Surgery. Published by Elsevier Ltd.
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Modern techniques offer excellent imaging data that can be
used during endovascular interventions involving or tar-
geting the ascending aorta and aortic arch.1e3 However,
images remain indirect visualisation tools and their inter-
pretation can be subjective. Therefore, we developed
a protocol in an experimental porcine model that enables
direct viewing of the heart and aorta during endovascular
interventions.TECHNICAL NOTE e EXPERIMENTAL MODEL SETUP
The porcine heart and aorta were obtained from animals
sacriﬁced for other experiments (Fig. 1A). Thus, speciﬁc
approval from the ethics committee was not required. The
model was set in a waterproof basin and stabilised with
sutures and clamps. All branches and pulmonary vessels
were clamped or sutured to maintain the saline ﬁlling. A
purse-string suture of 5/0 prolene was placed in the middle
of the left atrium. The centre of this suture was then
perforated with a No. 11 surgical blade, a silastic tube
connected to a pump controlled by a pedal was inserted
and the suture was tightened (Fig. 1B and C). Slow saline
irrigation of the model was maintained through the tube to
compensate for inevitable losses and to keep it under
tension. Depending on the manipulation performed, it was
sometimes possible to imitate pulsatile ﬂow conditions and
check valve function. The saline circulated from the pumpof original article: http://dx.doi.org/10.1016/j.ejvs.2012.11.009
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mitral valve and ﬁnally into the aorta through the aortic
valve. Slow leakage from small openings or suture lines to
the basin was inevitable but convenient, as it permitted the
re-injection of saline whenever required, thus better simu-
lating real circulation. A second similar purse-string suture
was placed in the apex of the heart. Through this suture,
a rigid 8-mm thoracoscope with a cold-light source was
inserted into the left ventricle (Fig. 1D). The camera was
able to slide forwards and backwards through the aortic
valve and up to the aortic arch, its rigidity preventing it
from advancing any farther (Fig. 1E and F). The camera
provided an excellent magniﬁed intravascular view of the
vessel ostia (Fig. 2A). To test the model developed,
a hydrophilic wire was then inserted up to the ascending
aorta and replaced with a super-stiff wire that provided
enough support to advance the stent-graft device (Fig. 2B
and C). Some steps of this intervention appeared to place
signiﬁcant strain on the vessel and the aortic valve. The
super-stiff wire frequently crossed over the ostia of the two
major arch vessels and caused signiﬁcant deformity. At one
point, the wire folded over the left coronary cusp of the
aortic valve, causing signiﬁcant tension and complete
immobilisation of the valvular tissue. The passage of the
introducing sheath also appeared to be critical, causing
intimal folding over the vessel ostia and passing violently
through the aortic valve (Fig. 2D and E).DISCUSSION
The protocol proposed here enabled direct viewing of all
manipulations. The thoracoscopic system provided
6  magniﬁcation and excellent image quality was obtained
thanks to the cold-light source (Fig. 1). The observations
made with this model could be extrapolated to humans,
Figure 1. A: Porcine heart and aorta used in the model; B and C: Creating a purse-string for the insertion of the tube connected to the
pump; D: Illumination of the model; E and F: Purse-string and transapical insertion of the camera into the left ventricle.
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typical vascular patients is that no atheromatous lesion is
observed in porcine arteries.4 A mechanical effect was
noted on the intimal layers and vessel walls during the
experimental intervention; this could be the source of
signiﬁcant complications in humans, such as plaque
dislodgement, type A dissection and/or embolism in
patients with diseased vessels5 (Fig. 2F).
Several factors related to the operator or material used
could also increase the frequency of complications, such
as more violent movements, less effective manipulations
from less experienced operators and the use of material
that might be more traumatic. Nonetheless, some factorsFigure 2. A: Ostium of the brachiocephalic trunk on the left, and of the le
wire before the ostia. C: Insertion of a super-stiff wire through the aortic v
(red arrow) and immobilisation of one cusp of the aortic valve (green a
ostium of the left subclavian artery. F: Stent graft delivery system caus
(For interpretation of the references to colour in this ﬁgure legend, theremain unpredictable as seen in Fig. 2, and wires always
transmit at least some of the force applied by the oper-
ator. Whether the guidewire creates friction against
unstable atheromatous plaques is a factor over which the
operator has very little control. It is literally impossible to
perceive and correct these artefacts intra-operatively
using two-dimensional ﬂuoroscopy images. Despite the
efforts made to keep the wire free of tension and avoid
pushing it against the vessel walls, folding was sometimes
inevitable. Thus, procedures that involve large sheaths
requiring signiﬁcant pushing can cause trauma to the
delicate structures of the aortic arch and ascending aorta
(Fig. 2DeF).ft subclavian artery on the right. B: Insertion of a straight hydrophilic
alve. D: Signiﬁcant pressure of the super-stiff wire on the vessel ostia
rrow). E: Stent-graft introducing system causing an imprint on the
ing folding (blue arrow) of the ostium of the brachiocephalic tract.
reader is referred to the web version of this article.)
A. Mallios et al. e13Ideally, in the continuation of our protocol we aim to
perform these interventions with direct intra-luminal pres-
sure measurements. This will allow better simulation of real
clinical conditions. In addition, a correlation of pressure
changes with effect of endovascular manipulations in
vascular structures will be possible.CONCLUSION
Interventions involving the arch and ascending aorta could
be studied with the research protocol proposed here, in
order to improve the techniques used and establish safer
surgical protocols for use in humans.CONFLICT OF INTEREST/FUNDING STATEMENT
None to report.REFERENCES
1 Lin CJ, Blanc R, Clarençon F, Piotin M, Spelle L, Guillermic J, et al.
Overlying ﬂuoroscopy and preacquired CT angiography for road-
mapping in cerebral angiography. AJNR Am J Neuroradiol
2010;31:494e5.
2 Kobeiter H, Nahum J, Becquemin JP. Zero-contrast thoracic
endovascular aortic repair using image fusion. Circulation
2011;124:e280e282.
3 Louis N, Desgranges P, Kobeiter H, Kirsch M, Becquemin JP.
Virtual angioscopy and 3-dimensional navigation ﬁndings of the
aortic arch after vascular surgery. Circulation 2009;119:1052e5.
4 Crick SJ, Sheppard MN, Ho SY, Gebstein L, Anderson RH.
Anatomy of the pig heart: comparisons with normal human
cardiac structure. J Anat 1998;193:105e19.
5 Fuchs S, Stabile E, Kinnaird TD, Mintz GS, Gruberg L, Canos DA,
et al. Stroke complicating percutaneous coronary interventions:
incidence, predictors, and prognostic implications. Circulation
2002;106:86e91.
